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ABSTRACT 
This paper provides and evaluation of an existing LEED certified sustainable green building for 
energy-efficiency, environmental impact, economic value, and occupant health.  The new Bethel Middle 
School located in Bryant, Arkansas was the first LEED (Leadership in Energy and Environmental Design) 
certified public school building in the state.  Based on actual building specifications and validated with 
the first year’s utility bills, a simulation model was used to evaluate various design aspects of the school 
building.  The building’s baseline energy usage was compared with numerous energy and environmental 
scenarios.  Results include both environmental and economic assessments.  Overall, the study found 
that the long-term benefits of LEED design approaches generally outweigh the commonly used short-
term, lowest first-cost approach. 
INTRODUCTION 
As demands for non-renewable resources increase, conscience for the environment raises, and 
desire for energy efficient technologies grows, many traditional building construction practices become  
less feasible.  Sustainability is a term used to describe the most recent trend in building design and 
construction, and sustainable development is defined as “development that meets the needs of the 
present without compromising the ability of future generations to meet their own needs” by the United 
Nations World Commission on Environment and Development (WCED) in 1987. (1)  More specifically, a 
sustainable, or “green,” building must demonstrate reduced energy consumption and environmental 
friendliness during the construction phase, increased energy-efficiency throughout its lifetime while 
providing adequate indoor environmental conditions for occupants.   
To measure the level of sustainable design for a building, the United States Green Building 
Council (USGBC) has developed the Leadership in Environmental and Energy Design, or LEED, Rating 
System.  The USGBC designed the LEED Rating System to set a benchmark program for building 
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designers to measure the level of sustainability a green design might achieve.  According to the USGBC, 
“LEED promotes a whole-building approach to sustainability by recognizing performance in five key 
areas of human and environmental health: sustainable site development, water savings, energy 
efficiency, materials selection and indoor environmental quality.”  (2) 
As sustainable building designs become more prominent in commercial construction, the natural 
bleed-over of sustainability into school building design is expected.  However, as public school buildings 
are constructed from budgets derived mostly from municipal tax programs, communities may not be 
willing to fund the potential increase in initial cost to achieve LEED certification levels.  To combat this, 
the long-term savings from electricity and natural gas utility bills of a sustainable design can be 
calculated from its simulated life-cycle performance.  In documented cases, the long-term savings have 
proven to outweigh this initial construction cost increase.  (3)  This project studied the sustainable 
design of the first LEED Certified public school building in Arkansas, Bethel Middle School in Bryant, 
Arkansas.  Since the construction of Bethel Middle School, a new LEED standard for K-12 buildings has 
been established.  The K-12 standard was developed to address the unique nature of school building 
design, addressing “issues such as classroom acoustics, master planning, mold prevention, and 
environmental site assessment.” (4)   
Traditionally, buildings are designed with a compartmentalized approach: teams are assigned 
specific areas of a building’s design, and each separate design is combined with the others just before 
construction begins.  When pursuing LEED standards, many design firms choose to follow an integrated 
design approach from the outset.  According to Energy Design Resources: 
Integrated building design is a process that purposefully brings together the 
work of various design and engineering disciplines to produce buildings that 
cost less to operate; are easier to maintain; and are more attractive, 
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comfortable, and marketable than buildings designed through the more 
traditional, compartmentalized approach. 
With this approach, building designers and owners can cost-effectively reduce operating costs while 
improving building occupant comfort and productivity.  (5)  The integrated approach to building design 
is integral to LEED certification—in fact using such an approach adds a substantial amount of points to 
the overall total from the very beginning of the project.  (4)  To incorporated integrated design, 
computer simulations must be performed.  Computer simulation software allows for designers to 
quickly and efficiently model particular design elements and project performance figures for electricity, 
natural gas, and water usages.  Simulating these scenarios can help designers gain insight into a design’s 
effects on the characteristics of a building’s envelope, glazing, and lighting and HVAC systems.  (6)  
For this study, a computer model of the classroom wing of Bethel Middle School was built using 
eQUEST simulation software.  EQUEST (Quick Energy Simulation Tool) uses a simulation engine derived 
from the Department of Energy-sponsored DOE-2 software package but adds a graphical user interface 
and design wizards. (7)  It improves upon DOE-2 by including an easy-to-use graphical user interface 
with a serious of predetermined input pages.  This ease of use comes as a tradeoff to sacrificed 
customizability and depth.  DOE-2 is an extremely useful tool for simulating building performance and 
life-cycle cost on an hourly basis, but requires many hours of formal training for competent use. (8)    
Conversely, eQUEST was developed to provide the functionality of DOE-2 with an interface 
usable by anyone who needed to run a simulation, either quickly or in-depth.  Intended for 
incorporation into the initial feasibility study phase of integrated design, eQUEST allows for more 
assumptions and simplifications than a more complex DOE-2 study.  Accordingly, the eQUEST program 
offers a Design Development Wizard which guides the user through every major step of inputs for 
performance situations.  Once the model is completed, the energy efficiency measure wizard can be 
used to simulate energy performance for the model hourly for an entire year. 
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SIMULATION DESCRIPTION 
The first step in creating a simulation model using the eQUEST software package is to determine 
the creation wizard needed for the project.  To simulate the classroom wing of the Bethel Middle 
School, the Design Development (DD) Wizard was used.  The DD Wizard includes more in-depth 
simulation options allowing for more localization and detail of the building.  Once the DD Wizard is 
activated, a home screen called the Project Navigator (Figure 1) appears with multiple sub-menus for 
inputs, including Project/Site/Utility information, Building Shell Components, and Air-Side System Types.  
The Project Site menu is a general building information template; here general information about the 
building is entered.  To accurately simulate performance, eQUEST includes preset weather data files.  
The Bethel School is located in Bryant, Arkansas; therefore, the Little Rock, Arkansas profile was used.  
Additionally, the building’s seasonal profile can be specified.  EQUEST considers a season to be a period 
of similar, reoccurring use.  Being a school building, the Bethel project requires a unique configuration of 
seasons, one for holidays, weekends, and breaks; one for normal operations; and a no-use season for 
the summer where the building is completely shut down.   
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Figure 1: Design Development Wizard: Project Navigator 
The next step in creating a building simulation through the DD Wizard requires designing specific 
building shells.  A building shell is a portion of the building that encompasses the whole envelope and 
loads within a specified area.  In the DD Wizard, each unique building shell has a submenu consisting of 
25 individual input screens.  Due to the unique shape of the classroom wing of the Bethel Middle School, 
three unique shells were required to create the most accurate simulation.  One shell composes the first 
floor, while the second is split between two shells. 
The first shell (Figure 2), labeled “Bldg Envelope & Loads 1,” encompasses the first floor of the 
classroom wing.  The Bethel simulation uses square footage calculations taken from architectural plans, 
resulting in 10,792 square feet.  Since the Bethel school has a daylighting system, this preset is turned 
on, and specified to follow a predetermined hourly enduse profile.   This model uses a custom 
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rectangular footprint, taken from the architectural plans, of 152 feet by 71 feet.  The plans also specify 
that the classroom wing is aligned north to south, the floor-to-floor height is 13.3 feet, and the floor-to-
ceiling height of the first floor is 9.3 feet.  The DD Wizard allows for custom zoning, and this project 
simplified the classroom wing into four distinct zones: the north classroom block, the south classroom 
and restroom block, the interior corridor, and the stairwell.  The stairwell is unique because it is both 
unconditioned and open to the stairwell in the floor above.   
 
Figure 2: Design Development Wizard: Building Shell Inputs 
Since the first shell has no exterior exposure from above, the roof is listed as adiabatic.  
According to architectural plans, the classroom wing is constructed with a metal frame with beige 
masonry brick on the outside.  The walls contain R-19 batting insulation supported by one-half inch of 
fiber board sheathing.  The concrete floor is four inches thick and finished only with a concrete sealant; 
  
9 
 
moreover, two feet of horizontally lain R-1.5 insulation surrounds the slab.  Ceilings are drop-in ceiling 
tiles without insulation, and walls are solid mass.  The western entryway contains a double glass door, 
7.2 feet by 6 feet.  The glass is double-paned with a low emissivity film, and all frames are 7.8 inch wide 
aluminum with a thermal break.  One major assumption made here involves the connection of the 
classroom wing to the rest of the complex.  Since eQUEST does not provide an option for an adiabatic 
opening in a wall, a similar glass door has been placed at the east end of the corridor.  The portion of the 
hallway that extends here is lit very brightly by large windows on both sides; therefore, this assumption 
is acceptable.  Two different shapes of windows are specified by the architectural plans.  Both have the 
same properties as the glass doors.  The windows are calculated as a percentage of window area to wall 
face area.  By specifying window dimensions, eQUEST will place simulate window placement in place of 
tedious manual entry.  On the south side of Shell 1, all windows have a ten foot overhang.  
One major sustainable design element of the Bethel Middle School was full incorporation of 
daylighting controls.  On the first floor of the classroom wing, each classroom is divided into thirds, with 
two photosensors per classroom.  Lighting is arranged in three rows in each classroom.  The outer two 
rows are controlled by the photosensors, while the inner row remains on constantly.  The eQUEST 
daylighting input only allows for two photosensors per zone total; this assumption is allowable, 
however, because all of the classrooms have been assigned a single zone per side.  To compensate for 
this in the model, each photosensor is assigned only 33 percent coverage of its respective zone.  As a 
result, the innermost third of the zone is not regulated by daylighting controls.   
Many of the simulated performance results in eQUEST rely on specific inputs regarding zones, 
including daylighting, activity areas, occupancy, and airflow definitions.  Since eQUEST simulates 
performance on an hourly basis for an entire year, the building usage schedule should be as accurate as 
possible.  Contacts from the Bryant school district revealed that the building is only in use for nine 
months of the year, from August to May.  During use, the building is open from seven am to five pm.  
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The building is also closed for breaks in the fall, mid-winter, and spring.  When not in use, the building is 
shut down and only minimal functions remain on to keep internal environmental conditions from 
reaching a point that would harm the interior.  The first floor of the classroom wing has three types of 
activity areas: classroom, corridor, and restroom.  Percent area numbers, maximum occupancy, and 
fresh air ventilation numbers were calculated from architectural plans.  Assumptions for occupancy in 
the classrooms were based on numbers of desks per room summarized for each classroom zone.  The 
corridor and restroom assumptions were estimated from zone size and usage.  The design ventilation 
figures were taken from the HVAC architectural plans (see Figure 3 and Figure 4). 
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Figure 3: Lower Floor Plan "Classroom Wing" HVAC 
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Figure 4: Upper Floor Area "Classroom Wing" HVAC 
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In addition to the major inputs, eQUEST allows for more customization in minor loads that could 
affect the simulations performance results.  For this project, the only additional electrical loads were for 
interior lighting and office equipment such as personal computers.  Interior lighting loads were 
calculated as power per unit area (W/ft2) and were taken from the electrical blueprints in the 
architectural packet.  Each light fixture was designated as a certain type, and the electrical schedule 
listed the power for each.  The total power of all light fixtures in a zone was divided by that zone’s area 
to produce the required input.  The same procedure was used to calculate the load based on office 
equipment, with usage values taken from standard ASHRAE guidelines.   
Due to the unique design of the Bethel Middle School, the second floor of the classroom has 
been modeled using two shells as opposed to the single shell encompassing the first floor.  One of the 
significant design elements was incorporation of large amounts of daylighting into every room of the 
building possible.  To naturally illuminate the interior hallways, the roofline of the second floor has been 
split along one interior wall, with one portion being five feet higher than the other.  The vertical face 
houses multiple windows, allowing indirect sunlight to filter into the spaces below.  Each room 
connected to the hallways also have interior windows placed along trajectories parallel to these 
skylights, allowing natural light to filter in from both sides of the room.  The roofline slopes down from 
this center line to culminate in 10 foot overhangs on each side.  Unfortunately, eQUEST does not offer 
an option to have a roof sloping in only one direction, so a major assumption was made in the design of 
the two second-floor shells.  Instead of allowing for the sloped roofs, each shell is a rectangle with a flat 
roof.  The height of each roof is based on the topmost dimension of the roofline from the architectural 
plans.  Accordingly, Shell 2 is 23.6 feet high while shell 3 is five feet shorter.  A few discrepancies exist: 
mainly, the volumes of Shells 2 and 3 are both increased by eleven percent.  Additionally, the surface 
areas of the roofs are decreased by one and three square feet, respectively, and the angle at which the 
sun’s rays strikes the roof surfaces is altered by seven degrees.  While these changes may appear major, 
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due to the heavy insulation of the building—as well as material design choices such as light-colored 
roofing material and brick siding—the external loads do not have as significant an impact on 
performance as internal loads. 
Due to the architectural design of the second floor of the classroom, Shell 2 incorporates the 
south block of classrooms, the hallway, and the upper half of the stairwell.  The shell’s dimensions are 
152 feet by 41 feet.  Both the corridor and stairwell zones of Shell 2 are unconditioned, and the stairwell 
is open to the zone below it.  A new design aspect of the Bethel school removes the traditional attic 
space and flat ceiling; instead the second floor classrooms are opened up to the sloping roof—complete 
with sealed baffling—above.  Since this is the top floor of the classroom wing, the roof parameters are 
included: medium-brown painted galvanized steel with three inches of R-18 insulation and an additional 
layer of R-30.  The floor consists of a six inch layer of sealed concrete with three inches of R-18 
polyurethane insulation and is layered over an adiabatic airspace.   
Being a second storey, there are no doors; however, the three separate types of windows are 
configured in the same way as Shell 1, and all four walls allow natural lighting.  The upper level windows 
have overhangs as well; the roofline extends ten feet beyond the southern wall and three feet beyond 
the northern wall.  The daylighting controls are identical to those on the first floor, with the notable 
addition that the second storey corridor also has daylighting sensors to compensate for the high 
northern windows.  All other inputs for Shell 2 are calculated with the same methods as Shell 1, except 
for the conditioned zoning.  The second floor corridor and stairwell are unconditioned, and the stairwell 
is labeled as open to the zone below it.   
Consisting only of a block of classrooms, Shell 3 is the smallest and simplest of the distinct shells 
in the eQUEST simulation.  Its dimensions are 30 feet by 152 feet, and the southern wall is 18.6 feet 
high.  Like Shell 2, the roof of the actual school building is sloped at a seven degree angle; however, the 
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same programming restrictions exist in the eQUEST inputs.  Therefore, the roof is modeled as a flat 
plane.  The rest of the design inputs for Shell 3 follow in line with the previous two shells. 
  From the Project Navigator, a submenu for Air-Side System Types is available.  In this project, 
two air-side systems were developed, one for each floor.  Each system area is designated to serve one 
shell; therefore, HVAC System 1 services Shell 1with DX Coil conditioning units and a gas-fired furnace.  
All return paths are ducted.  Being a high-performance building, the Bethel thermostats are set to 76.0 
and 68.0 degrees Fahrenheit for occupied heated and cooled conditions, respectively.  When the 
building is unoccupied, however, heated and cooled temperatures are set 82.0 and 62.0 degrees 
Fahrenheit, respectively.  The cooling design temperature for the indoor air is 75.0 degrees Fahrenheit, 
and the cooling supply temperature is 65.0 degrees Fahrenheit.  Similarly, the heating design indoor and 
supply air temperatures are 72.0 and 120.0 degrees Fahrenheit, respectively.  Finally, the minimum air 
flow design, calculated from the mechanical architectural plans, is 0.30 cfm/ft2.   
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Figure 5: Design Development Wizard: Air-Side System Inputs 
The inputs for packaged HVAC equipment were taken from the mechanical schedule plan for the 
school.  The cooling units are actually 1.32 tons, but the minimum input size for eQUEST is less than 5.4 
tons.  As a result, eQUEST can be set to auto-size the equipment based on the zone size.  The high-
efficiency units are air-cooled condensers with SEER 15.1.  The heating units are also auto-sized, and the 
AFUE efficiency is given as 0.930.  The system fans have auto-sized flow with a power of 0.50 inches of 
water and a premium rated efficiency.  The fans are programmed to run one hour before and after the 
normal usage prescribed by the occupancy schedule, and they are set to run intermittently as needed 
throughout the day.  HVAC System 2 is identical to System 1 except that it serves Shells 2 and 3. 
The final input on the Project Navigator is the DHW submenu.  The main variable for this project 
was the Hot Water Usage input.  The default, set to 1.00 gallons per occupant per day is far too high for 
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the classroom setting.  Instead, the usage was scaled back to a much more conservative 0.25 gallons per 
occupant per day.  Lacking any additional information or schedule for the water heaters, all other inputs 
on the Hot Water Usage submenu were left on the eQUEST defaults.  As a result, the water heaters are 
natural gas fired, hold 84 gallons, have a supply temperature of 135 degrees Fahrenheit and an input 
rating of 111.4 kBtuh, and have an insulation rating of R-12.   
 
Figure 6: Design Development Wizard: Domestic Hot Water Inputs 
A few notes should be made at this point about the limitations inherent in the eQUEST 
simulation capabilities.  The Bethel Middle School incorporates novel techniques into its HVAC design to 
deal with occupancy comfort and space conditioning.  First, carbon dioxide sensors were placed 
throughout the building to monitor occupancy in each room based on the level of CO2 in the air.  
Additionally, a fresh air supply system exists separately from conditioned recirculated air.  The overall 
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effects of these subsystems is not especially noticeable overall, and their omission does not affect the 
average values that eQUEST uses to calculate building performance. 
 
Figure 5: Bethel Middle School eQUEST Simulation Model 
RESULTS AND ANALYSIS 
Once every input had been entered into eQUEST, the computer simulation model was complete.  
At this point baseline simulation was performed, and the resulting outputs for electrical usage (kWh 
x000), natural gas usage (Btu x000,000), and electrical demand (kW) were compared to real-world utility 
bills from the Bethel Middle School.  EQUEST outputs results in a detailed simulation results file; 
however, the summary data was used for this comparison.  The main page of the simulation file outputs 
results broken down into monthly usages.  Therefore, the simulation results were compared to actual 
monthly utility bills from the Bethel Middle School starting in October 2006 and ending twelve months 
later in September 2007.  The utility bills were provided by Trane Arkansas, the firm responsible for 
monitoring the Bethel Middle School’s overall energy performance. The comparison between actual 
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utility usage and simulated usage is shown in Figures Figure 7Figure 8Figure 9 for electricity, natural gas, 
and electrical demand, respectively.   
 
Figure 7: Actual vs. Simulated Electrical Usage 
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Figure 8: Actual vs. Simulated Natural Gas Usage 
 
Figure 9: Actual vs. Simulated Electricity Demand 
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It should be noted, however, that the Bethel campus only has one meter for each utility.  Since 
this project only dealt with the classroom wing, the total usages would have to be adjusted accordingly. 
First, the average amount of external lighting, supplied by Trane Arkansas as 4,070 kWh/month, was 
subtracted from each monthly bill.  Next an area-based ratio was calculated between the classroom 
wing and the total building footprint, resulting in a ratio of eighteen percent.  This ratio was multiplied 
by the corrected utility usages for each month, and the resulting values were charted to visibly observe 
the usage trends.  Two discrepancies in the Electrical Usage graph must be noted.  First, the usage for 
the month of October is low because the building did not become occupied until half-way through the 
month in 2006.  Second, a glitch in the external lighting controls caused the external lights to burn 
throughout nighttime hours instead of shutting off at 11:00pm.  This resulting spike in usage in January 
and February is dramatic.  Taking these random errors into account, however, the shapes of the trend 
lines for electrical usage are similar, as seen in Figure 7.   
A few other discrepancies are notably, as well.  First, the actual electrical and natural gas usages 
are much higher than the simulated results.  The percent differences are 44 and 55 percent, 
respectively.  This can be explained by the usage patterns and space type of the classroom wing in 
comparison to the school building as a whole. For example, usage of electricity is going to be much 
higher in areas with less natural daylighting or higher electrical load.  Rooms in the larger, central hub of 
the floor plan and first floor areas require more artificial lights due to the lack of available natural 
lighting.  Additionally, technology and media centers will draw more power (kWh/ft2) than traditional 
classrooms.  In regards to space type, larger rooms require substantially more heating and cooling to 
reduce loads that accumulate in those areas.  Finally, the kitchen area uses substantially more natural 
gas and electricity for cooking, which will skew the utility consumption numbers much higher on average 
than the simulation for just a classroom will predict.  Overall, the simulated usage trends are reasonable. 
  
22 
 
After the simulation results and utility data were compared, the effectiveness of the Bethel 
middle School’s sustainable design elements needed to be tested.  EQUEST offers a simulation 
comparison scenario called the Energy Efficiency Management Wizard, or EEM, shown in Figure 10: 
Energy Efficiency Measures Wizard.  From here, one can create a “run” that will change one specific 
input of the Design Development Wizard.  The adjustable categories include base categories for building 
envelope, internal loads, HVAC System, and domestic hot water.  Each category can be applied to a 
specific building shell, after which a submenu appears allowing for specific inputs to be changed.  For 
this project, EEM scenarios were constructed for exterior wall insulation, window glass type, window 
eaves, daylighting controls, conditioning unit efficiencies, and fan efficiency. 
 
Figure 10: Energy Efficiency Measures Wizard 
More scenarios were desired for this project, but could not be achieved through EEM 
simulation.  Instead, the baseline model had to be changed by the desired input.  The resulting 
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performance simulation values had to be compared to the baseline performance.  The inputs changed in 
this way included two different building orientations (East-West and Southeast-Northwest),   roof 
insulation, exterior wall and roof color, window blinds, and interior lighting efficiency.   
A few examples of the phenomenon involving increased usage in the summer but decreased 
usage in the winter include exterior wall insulation, window type, east-west building orientation, 
Southeast-Northwest building orientation, and roof insulation.  The schedule of a typical school building 
can help explain this.  Bethel Middle School is closed during June and July, as well as half of May and 
August.  This schedule reduces the need for cooling loads in the hottest summer months, as the building 
is unoccupied and thermostat set points are much higher.  For the exterior wall insulation scenario, the 
prescribed R-19 batting insulation was reduced to an older standard of R-11.  Surprisingly, reducing the 
insulation in the exterior walls had little effect on the electrical usage, only increasing slightly in July and 
August.  Reducing the additional roof insulation from R-30 to R-11 and removing the radiation barrier, 
however, produced more typical results.  The electrical usage increased in the summer months, and 
natural gas consumption increased in winter months.  Overall, the unintuitive decrease in electrical 
consumption can be attributed to discrepancies caused by the particular operating hours of the school 
building.  Figure 11: Percent Change in Electrical and Natural Gas Usage after Reducing Additional Roof 
Insulation illustrates the percent changes in usage after reducing roof insulation. 
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Figure 11: Percent Change in Electrical and Natural Gas Usage after Reducing Additional Roof Insulation 
Similarly, the usages for changing the window type from a double-pane, aluminum-frame with 
thermal break and low-UV glazing to single-pane, unglazed with no thermal break had little effect during 
the summer months, but a large effect during the spring and autumn.  During the summer, the window 
eaves block out most of the direct sun rays, however, the lower angles during the spring and autumn 
allow more ultraviolet radiation to pass into the space.  As a result, electrical usage during these times 
increased substantially.  A chart displaying this peculiar change in usage by percentages is displayed in 
Figure 12.  Since the eQUEST model allows for inputs detailing window blind settings, a scenario was run 
to test the effects of blinds on energy usage.  Originally, blinds are set to be twenty percent closed 
during occupied hours, and twenty percent closed during unoccupied hours.  For the comparison 
simulation, window blinds were removed completely.  The changes in usage were very minimal, and do 
not seem to substantially affect energy performance. 
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Figure 12: Percent Change in Usage for Window Type 
While changing the building orientation appears to have a negative effect on energy usage, a 
more in-depth analysis proves that deliberately planning the building footprint is important.  Figure 13 
shows the percent change of utility usage after aligning the building along an East-West axis instead of a 
North-South axis. 
 
Figure 13: Percent Change in Usage for East-West Orientation 
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Again, the interplay between percent change in electricity and natural gas usages is apparently 
skewed to favor electricity.  As shown in Figure 13, electricity usage increases during the summer 
months when direct sunlight shines into East-facing windows, while the heating load is dramatically 
decreased during spring and autumn months.  Again, the north-south design is favorable in the Central 
Arkansas climate which experiences hot, muggy summer conditions.  The results for a shift to southeast-
northwest orientation produced similar results.   
Like the building orientation, adding daylighting controls relies heavily on the shape and position 
of the building.  To reduce electrical usage through lighting, the maximum amount of daylighting should 
infiltrate into the building.  This is especially important during the winter months where sunlight is less 
direct.  Therefore, the classroom wing’s footprint is laid out in a long, narrow rectangle, allowing 
sunlight in through the north and south faces.  During winter months, the low angle of the sun’s rays can 
shine in below the window eaves while direct summer rays are blocked.  Two separate scenarios tested 
the effectiveness of this strategy, one removed daylighting controls completely from interior lighting, 
and the other removed the ten-foot eaves along the southern face and the three-foot overhang from 
the northern face of the building.  The daylighting controls significantly reduce the amount of electrical 
energy consumed through internal lighting; however, natural gas usage increased as artificial lighting 
produced less internal loads.  In fact, electrical consumption was reduced every month of the year 
except for July with daylighting controls simulated in eQUEST.  The results displayed in Figure 14 display 
the percent changes in utility usage as a result of daylighting.  Removing window eaves from the 
building simulation caused noticeable increased is electrical usage for the entire year.  The highest 
points occurred in March and October, when the maximum amount of the sun’s rays could enter 
through the windows.  Interestingly, natural gas usage decreased during the winter months as more 
radiant heat load filtered in through the windows.  These changes are displayed in Figure 15. 
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Figure 14: Percent Change in Electrical and Natural Gas Usage after Removing Daylighting Controls 
 
Figure 15: Percent Change in Electrical and Natural Gas Usage after Removing Window Eaves 
A key element in reducing energy consumption relies on the heating and conditioning units 
purchased to regulate supply-side temperatures.  In fact, this scenario presents a microcosm of the cost-
benefit analysis for any sustainable design.  While front-end price increases for high-efficiency units may 
seem substantial, the long-term savings proves the investment to be worthwhile.  As Figure 16 
illustrates, increasing SEER efficiency for conditioning units from 10.0 to 15.10 decreased electrical 
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consumption by fifteen to forty percent, depending on weather conditions.  Similar, increasing AFUE for 
heating units from 0.75 to 0.93 decreased natural gas by up to 10 percent in the middle of winter.  
Indeed, increasing unit efficiencies was the only scenario that decreased usage in both electricity and 
natural gas.  When power fan efficiency was decreased from the “premium” input to the “standard” 
input, however, decreases in usage never rose above one half of a percent. 
 
Figure 16: Percent Change in Electrical and Natural Gas Usage after Reducing Unit Efficiencies 
The final simulation testing sustainable design involved internal lighting efficiencies.  According 
to Energy Design Resources, interior lights consume 45 percent of electricity in school buildings, and the 
eQUEST simulations reflect this statistic.  (5)  Many traditional designs use standard inefficient 
incandescent bulbs for task lighting.  Additionally, many older, mainstream fluorescents give off an 
unnatural yellow hue that can decrease the ambience of the learning and working environments present 
in a school building.  Bethel Middle School incorporates high-efficiency fluorescent bulbs that give off a 
color of light much closer to incandescent bulbs.  This scenario applies a factor of 1.25 to the kW/ft2 
values input into eQUEST for internal lighting loads.  As a result, electrical usage was dramatically 
increased (the second highest scenario) while natural gas usage increased marginally.  These results are 
displayed in Figure 17. 
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Figure 17: Percent Change in Electrical and Natural Gas Usage after Reducing Internal Lighting Efficiency 
The simulations reveal that some sustainable elements were more effective than others.  To 
determine the annual change in usage, the difference between baseline and simulation usage was 
calculated.  A chart detailing the changes from the baseline run for each scenario is shown in Table 1. 
EEN # Description Δ MWh Δ MBtu Δ $ (Electricity) Δ $ (Natural Gas) 
DD Baseline - - - - 
DD 1 Ext. Wall Ins. (0.76) 5.33   $                    (76)  $                          62  
DD 2 Window Type (1.37) 17.49   $                  (137)  $                        204  
DD 3 Window Eaves 3.17  (9.37)  $                    317   $                      (109) 
DD 4 Daylighting 2.92  5.02   $                    292   $                          59  
DD 5 SEER/AFUE 23.96  8.51   $                 2,396   $                          99  
DD 6 Fan Efficiency 0.07  (0.02)  $                         7   $                          (0) 
DD 7 E-W Orient. (0.92) (7.67)  $                    (92)  $                        (90) 
DD 8 SE-NW Orient. (1.89) (9.88)  $                  (189)  $                      (115) 
DD 9 Roof Ins. 0.24  5.00   $                       24   $                          58  
DD 10 Ext. Color 0.65  (3.43)  $                       65   $                        (40) 
DD 11 Window Blinds 0.08  (0.08)  $                         8   $                          (1) 
DD 12 Int. Light Eff. 8.39  (4.22)  $                    839   $                        (49) 
Total - 35.46  14.35   $                3,643   $                       193  
Table 1: Annual Comparison Scenario Data Changes 
Since the chart measures changes in usage from the baseline model, a positive change would 
indicate increased usage when the sustainable design element was removed, and a negative change 
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indicates decreased usage when the sustainable design element was removed.  Since electricity costs on 
average $0.10 per kWh and Natural Gas costs $1.17 per CCF, electrical energy is much more costly and 
should be conserved in favor of natural gas.  This decision occurs in a number of scenarios, including 
daylighting controls, fan efficiency, exterior color, window blinds, and interior light efficiencies.  Located 
in central Arkansas, Bryant is subject to long, hot, muggy summers that require significant cooling 
capacity to keep comfortable.  In such a climate, a building must place prominence on reducing energy 
consumption in the summer months over winter months.  As a result, many of the sustainable design 
elements found in the Bethel project aim to reduce summer cooling loads; however, the designs are 
intended to reduce heat gain.  Accordingly, natural gas consumption for heating usually increases.  
Moreover, being produced from predominantly coal, electricity generation in Bryant produces 
considerably more greenhouse gases than does the burning of natural gas.  Since LEED certification 
focuses not only on energy usage but environmental impact as well, the reduction of electrical usage 
over natural gas consumption is justifiable.   
From Table 1, the annual changes in electrical and natural gas usage in kWh and MBtu, 
respectively, were multiplied by the average cost per unit, producing changes in costs for electricity and 
natural gas.  Based on these calculations, the sustainable design elements alone save the Bethel Campus 
$3,643 and $193 for electrical and natural gas consumption, respectively.  The total annual economic 
savings is $3,836 for the classroom wing of Bethel Middle School. 
The economic savings is only part of LEED design, however.  To achieve LEED certification, the 
building design must actively reduce its environmental impact.  A main component of a building’s impact 
is its greenhouse gas emissions, calculated from its electricity usage.  Bethel Middle School receives 
power from First Electric Coop Corporation, which draws electricity from multiple generation facilities.  
The U.S. EPA’s website has a Power Profiler tool allowing access to the types of electricity generation 
available to an area.  (9)  The mix for First Electric Coop Corp. is detailed in Figure 18.  Since Bryant is 
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close to Russellville, Arkansas, First Electric is able to purchase power from the Arkansas One nuclear 
reactor.  Nuclear fuel is much cleaner and more efficient than burning fossil fuels, which helps Bethel’s 
overall greenhouse gas footprint. 
 
Figure 18: Percentage of Fuel Type Used to Generate Electricity for Bethel Middle School
 
Figure 19: Emissions Rates of Greenhouse Gases for Electricty Generated for Bethel Middle School 
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The Power Profiler can also estimate a region’s emissions rates in pounds per MWh for Nitrogen 
Oxide, Sulfur Dioxide, and Carbon Dioxide (9).  Figure 19 displays the emissions rates for electricity 
provided to Bethel Middle School.  Using these values, changes in emissions in pounds for each gas were 
calculated using the simulated electrical consumption from Table 1.  Table 2 displays the changes in 
each greenhouse gas for each scenario.  Omitting the scenario DD 8, nitrogen oxide, sulfur dioxide, and 
carbon dioxide emissions were reduced by 53, 82, and 42,348 pounds, respectively. 
EEN # Δ lbs NOx Δ lbs SO2  Δ lbs CO2 
DD - - - 
DD 1 (1) (2)                   (863) 
DD 2 (2) (3)               (1,555) 
DD 3 5  7                  3,598  
DD 4 4  7                  3,314  
DD 5 36  55                27,195  
DD 6 0  0                        79  
DD 7 (1) (2)               (1,044) 
DD 8 (3) (4)               (2,145) 
DD 9 0  1                      272  
DD 10 1  1                      738  
DD 11 0  0                        91  
DD 12 13  19                  9,523  
Total 53  82               41,348  
Table 2: Calculated Annual Changes in lbs NOx, SO2, CO2 for Each Scenario 
To visually interpret the final project results for electrical and natural gas usages, the differences 
between each scenario and the baseline simulation were calculated by month and cumulated (i.e. a 
negative difference would mean the scenario increased usage).  These amounts were subtracted from 
the baseline model for electrical and natural gas usage.  The results are displayed in Figure 20 and Figure 
21. 
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Figure 20: Cumulative Effects of All Scenarios on Electrical Usage 
 
Figure 21: Cumulative Effects of All Scenarios on Natural Gas Usage 
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Finally, the data needs to be compiled into usable parameters to compare to previously 
researched and defined benchmarks for Arkansas public middle schools.  (10)  The measured 
parameters include kilowatt-hours per square foot and enrollment over an entire year, CCF per square 
foot and enrollment over an entire year, and dollars per square foot and enrollment over an entire year.  
Square footage and enrollment numbers for Bethel’s actual usage were 121,000 ft2 and 758, 
respectively, and for the eQUEST simulation were 21,854 ft2 and 404, respectively.  Bethel Middle School 
is operating between the 25th percentile and the average benchmarks for electricity usage, which can be 
attributed to the lower number of students per square foot than some other school districts in the state.  
For electrical consumption, the eQUEST simulated sustainable design performed above the 75th 
percentile across the board, while the eQUEST simulated traditional design performed below the 25th 
percentile for all parameters.  For natural gas usage, Bethel Middle School placed between the 
benchmark average and the 75th percentile.  Since the eQUEST simulation does not accurately represent 
the natural gas usage of a typical middle school building by not including cooking equipment, large-scale 
heating, etc., the simulated natural gas parameters cannot be effectively compared to the benchmarks; 
however, the simulated traditional design had poorer numbers for every parameter than did the 
simulated sustainable design. 
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ELECTRICITY 
    Type kWh/ft2-yr kWh/student-yr $/ft2-yr $/student-yr 
Benchmark 25th Percentile 8.27 1296 0.641 96.8 
Benchmark Average 6.44 958 0.504 727.7 
Benchmark 75th Percentile 4.62 620 0.367 48.6 
Bethel Middle School 6.78 1082 0.698 111.4 
eQUEST Sustainable Design 2.69 144 0.269 14.4 
eQUEST Traditional Design 7.07 378 0.707 37.8 
     NATURAL GAS 
    Type CCF/ft2-yr CCF/student-yr $/ft2-yr $/student-yr 
Benchmark 25th Percentile 0.189 26.2 0.260 32.0 
Benchmark Average 0.162 22.4 0.198 26.5 
Benchmark 75th Percentile 0.135 18.7 0.136 21.1 
Bethel Middle School 0.124 19.9 0.130 20.7 
eQUEST Sustainable Design 0.045 2.4 0.052 2.8 
eQUEST Traditional Design 0.098 5.2 0.114 6.1 
Figure 22: Electricity and Natural Gas Comparisons against Established Parameters 
 
CONCLUSIONS 
Based on the results from the eQUEST simulations, the sustainable designs are a success, 
reducing both life-cycle cost and environmental impact.  The benchmarking parameters for electricity 
and natural gas usage per square footage and enrollment for a year placed above the average values for 
Arkansas middle schools, placing close to the 25th percentile.  The most effective economic sustainable 
design elements were increased cooling unit efficiency, decreased interior lighting W/ft2, window eaves, 
and daylighting controls, while the least effective economic sustainable design elements were reduced 
window type and reduced external wall insulation.  The most effective environmental sustainable design 
elements were increased cooling and heating unit efficiencies, decreased interior lighting W/ft2, window 
eaves, and daylighting controls, while the least effective environmental sustainable design elements 
were increased fan efficiency, and window blinds.  Therefore, incorporating many of the LEED design 
techniques into the initial phase of designing a public school building was shown to be beneficial. 
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APPENDIX 
BETHEL ELECTRICAL USAGE 
Month Year Start Date End Date Energy (KWH) Demand (KW) Total Charge $/kWh 
October 2006 10/16/2006 11/6/2006 41,100 237.600  $          137.63   $       0.10  
November 2006 11/6/2006 12/6/2006 71,700 330.600  $        6,511.63   $       0.09  
December 2006 12/6/2006 1/5/2007 66,900 342.300  $        6,099.86   $       0.09  
January 2007 1/5/2007 2/5/2007 102,000 358.100  $        7,333.82   $       0.07  
February 2007 2/5/2007 3/7/2007 75,000 333.300  $        6,222.58   $       0.08  
March 2007 3/7/2007 4/6/2007 57,000 294.300  $        5,168.39   $       0.09  
April 2007 4/6/2007 5/7/2007 69,300 348.300  $        6,398.59   $       0.09  
May 2007 5/7/2007 6/6/2007 81,000 348.300  $        9,232.21   $       0.11  
June 2007 6/6/2007 7/6/2007 52,200 220.800  $        5,215.60   $       0.10  
July 2007 7/6/2007 8/6/2007 50,700 220.200  $       5,830.77   $       0.12  
August 2007 8/6/2007 9/5/2007 107,700 431.400  $      11,881.76   $       0.11  
September  2007 9/5/2007 10/5/2007 94,200 402.300  $      10,371.73   $       0.11  
Yearly Total: 868,800 3867.500  $       84,404.57   $      1.17  
Table A - 1: Bethel Electricity and Demand Utilities 
 
BETHEL NATURAL GAS USAGE 
Month Year Start Date End Date Usage (CCF) Total Charge $/CCF 
October 2006 9/26/2006 10/24/2006 1,163  $        1,238.36   $                  1.06  
November 2006 10/24/2006 11/27/2006 2,172  $        2,166.40   $                  1.00  
December 2006 11/27/2006 12/22/2006 2,171  $        2,256.99   $                  1.04  
January 2007 12/22/2006 1/24/2007 3,175  $        3,448.77   $                  1.09  
February 2007 1/24/2007 2/22/2007 3,523  $        3,358.54   $                  0.95  
March 2007 2/22/2007 3/23/2007 1,342  $        1,424.11   $                  1.06  
April 2007 3/23/2007 4/24/2007 723  $            831.70   $                  1.15  
May 2007 4/24/2007 5/23/2007 300  $            352.14   $                  1.17  
June 2007 5/23/2007 6/25/2007 116  $            145.35   $                  1.25  
July 2007 6/25/2007 7/25/2007 33  $              57.35   $                  1.74  
August 2007 7/25/2007 8/24/2007 77  $            101.17   $                  1.31  
September 2007 8/24/2007 9/25/2007 265  $            311.78   $                  1.18  
October 2006 9/25/2007 10/24/2007 473  $            544.87   $                  1.15  
Yearly Total: 15,533  $     16,237.53   $               15.16  
Table A - 2: Bethel Natural Gas Utilities 
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Figure A - 1: Actual vs. Simulated Electricity Usage 
 
 
Figure A - 2: Actual vs. Simulated Natural Gas Usage 
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Figure A - 3: Actual vs. Simulated Electrical Demand 
 
 
Figure A - 4: Effects of Reducing Exterior Wall Insulation from R-19 to R-11 on Simulated Electrical Usage 
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Figure A - 5: Effects of Reducing Exterior Wall Insulation from R-19 to R-11 on Simulated Natural Gas Usage 
 
 
Figure A - 6: Percent Change in Electrical and Natural Gas Usage after Reducing Exterior Wall Insulation 
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Figure A - 7: Effects of Reducing Double-Paned Window to Single Unglazed Window on Simulated Electrical Usage 
 
 
Figure A - 8: Effects of Reducing Double-Paned Window to Single Unglazed Window on Simulated Natural Gas Usage 
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Figure A - 9: Percent Change in Electrical and Natural Gas Usage after Altering Window Type 
 
 
Figure A - 10: Effects of Removing Window Eaves on Simulated Electrical Usage 
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Figure A - 11:  Effects of Removing Window Eaves on Simulated Natural Gas Usage 
 
 
Figure A - 12: Percent Change in Electrical and Natural Gas Usage after Removing Window Eaves 
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Figure A - 13: Effects of Removing Daylighting Controls on Simulated Electrical Usage 
 
 
Figure A - 14: Effects of Removing Daylighting Controls on Simulated Natural Gas Usage 
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Figure A - 15: Percent Change in Electrical and Natural Gas Usage after Removing Daylighting Controls 
 
 
Figure A - 16: Effects of Reducing SEER Rating from 15.10 to 10.00 on Simulated Electrical Usage 
 
-6%
-4%
-2%
0%
2%
4%
6%
8%
10%
12%
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
% Change for Daylighting
Electrical Usage (kWh) Natural Gas Usage (Btu)
0
2
4
6
8
10
12
14
16
18
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
E
le
ct
ri
ca
l 
U
sa
g
e
 (
k
W
h
)
Cooling Unit Efficiency Effects on Electrical Usage
Baseline Simulation
  
46 
 
 
Figure A - 17: Effects of Reducing AFUE Rating from 0.93 to 0.75 on Simulated Natural Gas Usage 
 
 
Figure A - 18: Percent Change in Electrical and Natural Gas Usage after Reducing Unit Efficiencies 
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Figure A - 19: Effects of Reducing Fan Power Efficiency from Premium to Standard on Simulated Electrical Usage 
 
 
Figure A - 20: Effects of Reducing Fan Power Efficiency from Premium to Standard on Simulated Natural Gas Usage 
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Figure A - 21: Percent Change in Electrical and Natural Gas Usage after Reducing Fan Efficiency 
 
 
Figure A - 22: Effects of Rotating Building Orientation from North-South to East-West Alignment on Simulated 
Electrical Usage 
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Figure A - 23: Effects of Rotating Building Orientation from North-South to East-West Alignment on Simulated 
Natural Gas Usage 
 
 
Figure A - 24: Percent Change in Electrical and Natural Gas Usage after East-West Orientation 
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Figure A - 25: Effects of Rotating Building Orientation from North-South to Southeast-Northwest Alignment on 
Simulated Electrical Usage 
 
 
Figure A - 26: Effects of Rotating Building Orientation from North-South to Southeast-Northwest Alignment on 
Simulated Natural Gas Usage 
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Figure A - 27L Percent Change in Electrical and Natural Gas Usage after Southeast-Northwest Orientation 
 
 
Figure A - 28: Effects of Reducing Additional Roof Insulation from R-30 to R-11 on Simulated Electrical Usage 
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Figure A - 29: Effects of Reducing Additional Roof Insulation from R-30 to R-11 on Simulated Natural Gas Usage 
 
 
Figure A - 30: Percent Change in Electrical and Natural Gas Usage after Reducing Additional Roof Insulation 
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Figure A - 31: Effects of Changing Exterior Wall and Roof Color from Medium Brown to Dark on Simulated Electrical 
Usage 
 
 
Figure A - 32: Effects of Changing Exterior Wall and Roof Color from Medium Brown to Dark on Simulated Natural 
Gas Usage 
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Figure A - 33: Percent Change in Electrical and Natural Gas Usage after Changing Exterior Wall and Roof Colors 
 
 
Figure A - 34: Effects of Removing Window Blinds on Simulated Electrical Usage 
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Figure A - 35: Effects of Removing Window Blinds on Simulated Natural Gas Usage 
 
 
Figure A - 36: Percent Change in Electrical and Natural Gas Usage after Removing Window Blinds 
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Figure A - 37: Effects of Reducing Internal Lighting Efficiency by .25 Factor on Simulated Electrical Usage 
 
 
Figure A - 38: Effects of Reducing Internal Lighting Efficiency by .25 Factor on Simulated Natural Gas Usage 
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Figure A - 39:Percent Change in Electrical and Natural Gas Usage after Reducing Internal Lighting Efficiency 
 
 
Figure A - 40: Cumulative Effects of All Scenarios on Electrical Usage 
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Figure A - 41: Cumulative Effects of All Scenarios on Natural Gas Usage 
 
EEN # Description Δ MWh Δ MBtu Δ $ (Electricity) Δ $ (Natural Gas) 
DD Baseline - - - - 
DD 1 Ext. Wall Ins. (0.76) 5.33   $                    (76)  $                          62  
DD 2 Window Type (1.37) 17.49   $                  (137)  $                        204  
DD 3 Window Eaves 3.17  (9.37)  $                    317   $                      (109) 
DD 4 Daylighting 2.92  5.02   $                    292   $                          59  
DD 5 SEER/AFUE 23.96  8.51   $                 2,396   $                          99  
DD 6 Fan Efficiency 0.07  (0.02)  $                         7   $                          (0) 
DD 7 E-W Orient. (0.92) (7.67)  $                    (92)  $                        (90) 
DD 8 SE-NW Orient. (1.89) (9.88)  $                  (189)  $                      (115) 
DD 9 Roof Ins. 0.24  5.00   $                       24   $                          58  
DD 10 Ext. Color 0.65  (3.43)  $                       65   $                        (40) 
DD 11 Window Blinds 0.08  (0.08)  $                         8   $                          (1) 
DD 12 Int. Light Eff. 8.39  (4.22)  $                    839   $                        (49) 
Total - 35.46  14.35   $                3,643   $                       193  
Table A - 3: Calculated Changes in kWh, MBtu, and $ for Each Scenario 
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EEN # Δ lbs NO Δ lbs SO2  Δ lbs CO2 
DD - - - 
DD 1 (1) (2)                   (863) 
DD 2 (2) (3)               (1,555) 
DD 3 5  7                  3,598  
DD 4 4  7                  3,314  
DD 5 36  55                27,195  
DD 6 0  0                        79  
DD 7 (1) (2)               (1,044) 
DD 8 (3) (4)               (2,145) 
DD 9 0  1                      272  
DD 10 1  1                      738  
DD 11 0  0                        91  
DD 12 13  19                  9,523  
Total 53  82               41,348  
Table A - 4: Calculated Changes in lbs NO, SO2, CO2 for Each Scenario 
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